INTRODUCTION
There are multiple models of delivery of neonatal care in Level II perinatal health-care facilities. These include academic centers in which pediatric or family practice residents provide primary care supervised by attending physicians, facilities with neonatal nurse practitioners, private hospitals with practicing physicians providing primary care, facilities with neonatologists providing primary or consultative care, and combinations of all of the above. Some provide 24-hour-per-day in-house care and others do not. 1 The purpose of the present study was to evaluate infant outcomes and quality of care over a 3-year period (1994 to 1996) in eight Level II perinatal centers without neonatal nurse practitioners, which had contractual relation with the children's hospital for provision of (1) consultative care by neonatologists, (2) perinatal education, and (3) administrative support. These eight Level II centers account for approximately 30% of all births in the metropolitan area.
METHODS
Contractual agreements between the Level II centers and the children's hospital included: 1 . A twenty-four-hour availability of children's hospital/medical school-based neonatologists for onsite consultation at the Level II centers; attendance at selected high-risk deliveries consistent with the recommendations of The Guidelines for Perinatal Care; 2 patient care management, if desired, as well as consultation and participation in stabilization and transfer of infants. Training of Level II based, 24-hour, inhouse, NRP-certified personnel for airway management, including meconium, was required and not a primary clinical responsibility of the consultative neonatologists. 2. Continuing education of Level II medical, nursing, and paramedical staff. Education included both didactic and clinical experience at the children's hospital; an intensive neonatal NRP resuscitation course for all personnel involved in the care of infants in the delivery room; 3 monthly to quarterly didactic presentations for the medical and nursing staff provided at the Level II center; annual review of perinatal morbidity and mortality; and clinical training onsite for procedures such as peripheral IV starts, arterial and venous blood sampling, delivery of hood oxygen and short-term assisted ventilation. Continuous positive airway pressure and mechanical ventilators were not employed in the Level II centers except for stabilization and transfer of infants with the attendance of a neonatologist and/or the neonatal transport team from the children's hospital. 1. No quality-of-care concern evident; 2. a quality-of-care concern existed which did not adversely affect the patient's well being; 3. a quality-of-care concern existed which had an adverse but not life-threatening effect on the patient's well being; or 4. a quality-of-care concern existed which resulted in a patient's loss of a major physical function, a life-threatening situation, or death.
Quality-of-care concerns were prospectively categorized as:
1. Tocolysis possible, <34-week gestation, <5 cm cervical dilatation, but not employed; 2. antenatal steroids indicated (National Institutes for Health criteria) 5 but not employed; 3. acute fetal distress, delivery delayed more than 30 minutes; 4. fetal distress, qualified resuscitator not present; 5. fetal or neonatal distress, physician response more than 60 minutes; 6. delay in antibiotic administration more than 30 minutes after order; 7. birth complications including trauma; 8. delay in neonatologist response on-site more than 60 minutes; and 9. other.
Neonatal mortality data were obtained from the Missouri and Kansas Departments of Health Statistics by hospital for all live births and neonatal deaths. Records of all infants transferred to the children's hospital were reviewed in detail for diagnoses, procedures, length of stay, and outcome. Postneonatal deaths at the children's hospital, of which there were two, were included in the review, but not in the calculation of neonatal mortality rates.
RESULTS
A total of 1701 (9.1%) of 18,703 liveborn infants were admitted to the eight SCNs during the 3-year period; 315 (1.7%) were transferred to the children's hospital, four were transferred elsewhere, and 1382 were managed in the Level II centers ( Table 1 ). The mean birth weight of those not transferred was 3145 g (SD ¼ 767), mean gestational age was 37.9 weeks (SD ¼ 2.7), median Apgar scores were 7 and 8 at 1 and 5 minutes, respectively, and mean length of stay was 5.1 days (SD ¼ 4.3). Selected diagnoses included prematurity (443, 32.1%), suspected sepsis (141, 10.2%), respiratory distress syndrome (98, 7.1%), meconium aspiration (25, 1.8%), other respiratory conditions such as transient tachypnea and pneumonia (171, 12.4%), hyperbilirubinemia (51, 3.7%), intrauterine growth retardation (Table 1) . Of these 25 were r22 weeks' gestation and had birth weights ranging from 284 to 580 g, two infants had trisomy 18, one transposition of the great vessels without a ventricular septal defect, one infant had holoprosencephaly, and one infant with a planned home delivery died of severe perinatal asphyxia following a vaginal delivery 21 minutes after admission.
The neonatal mortality rates ranged from 0.3 to 3.0/1000 live births except in hospital A, which had a neonatal mortality rate of 6.4. This hospital had a disproportionate number of infants born at r32 weeks' gestation (13/2173, 0.6%) compared with the other seven hospitals (38/16,530, 0.2%). This hospital provided services to a socioeconomically disadvantaged population with limited prenatal care and a high frequency of drug abuse and "drop-in" deliveries.
In all 13 transferred infants died at the children's hospital. Five were r26 weeks' gestation. A 35-week gestation, 2688-g infant died of group B streptococcal sepsis who had received antibiotics within 1 hour of birth and was transferred at 2 hours of age. A 40-week gestation, 3650-g infant died from a congenital midgut volvulus. He had a hemoglobin of 8.9 g% at birth and total necrosis of bowel was found at operation within 6 hours. One infant had Pena-Shokeir syndrome and died at 17 days of age. A 43-week gestation, 3156-g infant born to a mother who planned a home delivery was delivered by emergency C-section within 30 minutes of admission for fetal distress. He died of hypoxic encephalopathy at 4 days of age. Two additional term infants died of hypoxic ischemic encephalopathy. Both had acute cord accidents and were delivered by C-section at 50 and 60 minutes, respectively, following diagnosis. A neonatologist attended one delivery and an anesthesiologist attended the other. A term infant with hypoplastic left heart syndrome died without surgical intervention on the first day of life. A 35-week gestation, 2485-g infant died at 31 days of age from a diaphragmatic hernia.
Quality-of-care issues in the 315 infants transferred to the children's hospital and the 30 infants who died at the Level II centers revealed: 252 (82%) had no quality-of-care issues, 27 (8.8%) had quality-of-care issues that did not adversely affect the infants well being, 18 (5.9%) experienced an adverse but not lifethreatening event, and nine (2.9%) had a quality-of-care concern that resulted in a major loss of physical function, a life-threatening situation or death (approximately 1:2000 live births).
Prospectively designated quality-of-care issues included: tocolysis possible but not employed (one infant); antenatal steroids indicated but not employed (two infants); fetal asphyxia identified but delivery occurred more than 30 minutes later (four infants, including two who died); fetal distress but a fully qualified resuscitator not present (two infants); physician response more than 60 minutes (one infant); and delay in antibiotic administration longer than 30 minutes after order (one infant).
An additional major quality-of-care concern was delivery of infants r32 weeks' gestation which was never a planned event, rather one to be avoided by maternal transfer of patients. All patients had maternal-fetal subspecialist consultation and/or were considered too unstable for transfer. However, 80 infants r32 weeks' gestation were delivered at the Level II centers, and 51 of these transferred to the children's hospital. There were 154 infants delivered at 33 to 34 weeks' gestation. None died. Of these 24 were transferred, and 130 infants (84%) were managed at the Level II centers and discharged home.
Six infants born at the Level II centers at >34 weeks' gestation who were transferred to the children's hospital had a primary diagnosis of perinatal asphyxia and require special consideration. All of these infants presented with acute fetal distress requiring immediate availability of obstetric, anesthesia, and neonatal inhouse personnel for optimum management. In only one instance was a pediatrician or neonatologist attendant at the delivery. Resuscitation in the other patients was performed by inhouse neonatal SCN nurses assisted by an anesthesiologist or anesthetist, all of whom were NRP certified. In one instance, an anesthesiologist was not immediately available inhouse at the time the patient presented. All six infants were considered to have severe life-threatening events, which were reviewed by the quality assurance committees of the Level II hospitals with appropriate responses implemented.
Four transferred infants had a primary diagnosis of traumatic birth injury. All were term and delivered vaginally in the vertex position. One had a subarachnoid hemorrhage and vocal cord paralysis, a second infant had a perforated esophagus from a suction catheter employed in the labor delivery room, a third infant weighing 4534 g had seizures associated with an intraventricular hemorrhage and a "precipitous delivery," and the fourth infant weighing 5600 g at birth had Erb's palsy associated with paralysis of the right hemidiaphragm requiring surgical plication.
The last major "other" quality-of-care concern was delivery of infants that major malformations that were potentially lifethreatening at birth. This included three infants with congenital diaphragmatic hernias, four with omphalocele or gastroschisis, six with neural tube deficits, and five with airway malformations or central respiratory insufficiency. All were attended by NRP-trained personnel and received appropriate initial care, however, most were undiagnosed antenatally.
Procedures performed at the Level II centers in the transferred population appear in Table 2 . Selected diagnoses include respiratory distress syndrome (108), congenital malformations (77), infections (21), birth transitional disorders (15), meconium aspiration (12), and asphyxial disorders (12). The mean birth weight of all transferred infants was 2770 g (SD ¼ 905) and mean gestational age was 36.5 weeks (SD ¼ 4.0). The mean length of stay was 19.5 days (SD ¼ 20.1).
There were six home deliveries transferred to the Level II centers and subsequently to the children's hospital. Two surviving term infants had severely adverse effects from perinatal hypoxia, and a third infant died of hypoxic ischemic encephalopathy. A fourth infant had meconium aspiration syndrome, but survived without sequelae. A 540-g birth-weight infant died; however, a 640-g birthweight infant survived.
DISCUSSION
Under ideal circumstances, all deliveries in the USA would occur in facilities with 24-hour inhouse personnel capable of performing full resuscitative measures (including airway management and administration of drugs) and the ability to perform a C-section within 30 minutes of the decision to operate. 6 This capability could include neonatal nurse practitioners, pediatricians or pediatric residents at a training level of PL2 or beyond, and/or neonatologists for care of the infants, and obstetricians and anesthesiologists or anesthetists for the delivery, along with supportive operating room personnel. Multiple examples supporting these recommendations occur in the present data set. Circumstances of greatest concern, and therefore of greatest scrutiny for quality assurance, include neonatal deaths, delivery at r32 weeks' gestation, perinatal asphyxia, and delivery of infants with immediate life-threatening congenital malformations.
Creation of the ideal circumstances requires a delivery population that has been estimated to be approximately 2000 per year as a "critical mass" to maintain personnel expertise and cost effectiveness. 4 The present study evaluates outcomes in eight hospitals with an annual average delivery rate of approximately 800 per year (range 332 to 1323). The system is not presented or proposed as a substitute for the ideal situation, but as an assessment of the system, which was operative during the study period. Were neonatal mortality rates comparable to local, state, and national data? Were appropriate personnel attendant at highrisk deliveries? Did obstetrical and anesthesia intervention occur in a timely and quality fashion? Was the patient population, who delivered at the Level II centers, placed at risk because of deficiencies in the system or was quality of care enhanced because the system was in place? The answers are mixed.
Evidence from the present study indicates that, in most circumstances, deliveries were attended by personnel who were appropriately qualified to perform the necessary resuscitation, including neonatologists and pediatricians who were not inhouse 24 hours per day, but were summoned in sufficient time to attend the delivery. The exceptions, however, are important and include infants with profound asphyxia, infants with gestational ages of r32 weeks who presented with advanced cervical dilation and rapid delivery, and infants with life-threatening congenital malformations such as diaphragmatic hernia and other conditions with immediate respiratory insufficiency at birth.
It is also evident that there was a very positive benefit within the system because of the frequency and success of multiple procedures performed by the nursing staff (e.g., arterial and venous blood sampling, IV infusions) in addition to delivery room resuscitations. This is also apparent from the number of very low-birth-weight infants cared for at the Level II centers (120 of 154 at 33 to 34 weeks' gestation), therefore avoiding unnecessary transfer and separation of infants from their mothers.
Neonatal mortality was also at a minimum level and included primarily infants who were previable or had congenital malformations inconsistent with survival. Mortality rates were lower than those of Kansas (4 to 6/1000 live births), Missouri (5 to 6/1000 live births), Kansas City, Missouri (6 to 10/1000 live births), or USA (5 to 7/1000 live births). No comparable data are available for comparison in level II centers without a relationship with a tertiary center.
It is impossible to estimate the negative impact of delivery of infants at r32 weeks' gestation. None of these deliveries was planned to occur at the Level II centers; however, the mother was determined to be in labor too advanced or unstable for safe transfer. The quality of resuscitation provided would suggest that the presence of the system could only be beneficial to those infants, although perhaps not of the same potential as those attended by neonatal nurse practitioners and/or neonatologists who may be present inhouse 24 hours per day in Level III centers.
The quality-of-care concerns evident from the current review primarily involved occurrences outside the design of the system; that is, lack of 24-hour inhouse obstetrical and/or anesthesia personnel (the latter was been eliminated), presentation of patients in advanced premature labor precluding transfer and home deliveries. These circumstances resulted in potentially avoidable premature delivery and asphyxia.
The review does have implication for the quality and quantity of care that can be delivered at Level II centers. Only 1.7% of all deliveries at the Level II centers or 18% (315/1701) of those admitted to the SCNs required transfer to a Level III center. This gestation. This indicates that the level of care being provided is enhanced by the support of the Level III-based system without which many if not most of the infants requiring arterial blood gas assessment, parenteral fluid therapy, frequent and often immediate neonatology consultation would have been transferred. However, the data also indicate that unexpected emergencies occur which require 24-hour, inhouse obstetrical and anesthesia personnel in addition to highly qualified personnel capable of performing a full neonatal resuscitation. Achieving the ideal circumstances for delivery of perinatal care in a highly competitive environment is a health-care delivery challenge beyond the scope of this review. However, the data indicate that enhanced prenatal as well as immediate intrapartum and postpartum care must be considered in the development of these systems.
